[Embodiments] 

This device is specifically described below referring 
to the drawings . 

Figs. 1 through 7 relate to the first embodiment of the 
device. Fig. 1 is a sectional view showing the structure of 
a solid imaging device of the first embodiment. Fig. 2 is an 
explanatory illustration showing the fabrication process of 
a semiconductor chip . Fig . 3 is a plan view of the semiconductor 
chip. Fig. 4 is a bottom view of the semiconductor chip. Fig. 
5 is a sectional view of a printed circuit board. Fig. 6 is 
a plan view of the printed circuit board. Fig. 7 is a bottom 
view of the printed circuit board. 

An SID (Solid Imaging Device) 1 of the first embodiment 
shown in Fig. 1 comprises a semiconductor chip 4 (shown in Fig. 
2E) equipped with an optoelectronic converter circuit 2 on its 
surface and a printed circuit pattern 3 on its rear surface, 
a printed circuit board 7 where a printed circuit 6 is formed 
on its surface which is electrically connected by way of said 
circuit pattern 3 of the semiconductor chip 4 and a bump 5, 
and a translucent resin for encapsulation 8 for encapsulating 
the periphery of said semiconductor chip 4 mounted on the printed 
circuit board 7. 

The optoelectronic converter circuit 2 formed on the 
surface of said semiconductor chip 4 is conducting with a through 
hole 10 by way of a wiring material 9 and with the circuit pattern 



3 on the rear surface via the through hole 10. The circuit 
pattern 3 is electrically connected to the printed circuit 6 
on the surface of the printed circuit board 7 by way of the 
bump 5. The printed circuit 6 is conducting with the printed 
circuit 12 on the rear surface of the printed circuit board 
7 via a through hole 11 of the printed circuit board 7. To 
the printed circuit 12 is fixed external leads 13 . When a drive 
signal is applied to some of the external leads 12, an image 
signal obtained by optoelectronic conversion is output from 
the external leads 12 as an output end. 

Said semiconductor chip 4 can be fabricated for example 
through a fabrication process shown in Fig. 2. 

As shown in Fig. 2A, the circuit pattern 3 is formed on 
the rear surface of a single crystal silicon wafer 14 by way 
of the thick film technology. In this case,. a thin film. circuit 
pattern may be used instead of the thick film circuit pattern 
3 . A metal plate such as a gold or a copper plate may be bonded 
on the rear surface and the circuit pattern 3 may be formed 
by way of etching. A simple pattern instead of the circuit 
pattern 3 may be used, as long as the through hole 10 is connected 
to the bump 5. 

Next, as shown in Fig. 2B, the optoelectronic converter 
circuit (imaging circuit) 2 is formed on the surface of the 
silicon wafer 14 by way of the thin film technology. 

Next, as shown in Fig. 2C, etching is repeated on a surface 



section corresponding to the circuit pattern 3 on the rear 
surface of said silicon wafer 14 to form the through hole 10 
which penetrates the silicon wafer 14 from the surface to the 
rear surface. In this case, the circuit pattern 3 is made of 
a material resistant to the etching agent used in the etching 
of the silicon wafer 14 . Thus, the circuit pattern 3 is exposed 
from the opening of the through hole 10. Etching is made easy 
when the through hole 10 is formed of an approximate taper as 
shown in the figure. 

The location on the surface where etching is made 
corresponds to the location of a bonding pad for related art 
wirebondingprocess and is provided appropriately . The etching 
location is easy to provide because it is provided in the 
semiconductor process almost simultaneously with fabrication 
of said optoelectronic converter circuit 2 . 

Next, as shown in Fig. 2D, the optoelectronic converter 
circuit 2 and the circuit pattern 3 on the rear surface pattern 
3 are electrically connected by way of aluminium interconnect 
by using the wiring material 13 on the surface and the wiring 
surface of the through hole 10 . In this case, a tapered through 
hole 10 allows the aluminium interconnect to be easily inserted 
up to the innermost section of the through hole 10, thereby 
enhancing the reliability of connection. 

While said aluminium interconnect is provided through 
aluminium evaporation, other evaporation methods may be used, 



as long as the optoelectronic converter circuit 2 and the circuit 
pattern 3 on the rear surface are electrically connected. 

Next, by performing scribing whereby the wafer is divided 
into a predetermined shape, the semiconductor chip 4 shown in 
Fig. 2E is fabricated. 

Fig. 3 is a plan view of the semiconductor chip 4 shown 
in Fig. 2E seen from above its surface. Fig. 4 is a plan view 
of the semiconductor chip 4 shown in Fig. 2E seen from below 
its rear surface. 

In Fig. 3, a wiring material 9 on the surface is not shown 
but dotted lines are used to show the shape of an opening of 
a through hole 10 on the surface. In Fig. 4, dotted lines are 
used to show the shape of an opening of a through hole 10 on 
the rear surface positioned in the center of a circuit pattern 
3. In Fig. 4, one of the circuit patterns 3 is shown in a solid 
fill with ground although this is not mandatory. 

Next, the printed circuit board 7 is described referring 
to Fig. 5. 

The main board of a printed circuit board 7 is made of 
for example a general ceramic base 15. A printed circuit 6 
is formed in the form of printed wiring on the surface of the 
ceramic base 15. The printed circuit 6 is conducting with a 
printed circuit 12 on the rear surface via the through hole 
11. External leads 13 are brazed to the printed circuit 12. 

On the printed circuit 6 on said surface is provided a 



blimp 5 via gold or solder . The bump Sis provided on the printed 
circuit board 7, not on a semiconductor chip 4. As a result, 
the rear surface of the semiconductor chip 4 is made flat thus 
facilitating the fabrication of the semiconductor chip 4. 

Said printed circuits 6, 12 may be formed by way of for 
example thick film printing. 

Said printed circuit board 7 is as shown in Fig. 6 when 
seen from the surface and Fig. 7 when seen from the rear surface . 

As shown in Fig. 6, by changing the pattern shape of the 
printed circuit 6, it is possible to change the order of the 
external leads 13 connected on the rear surface to the printed 
circuit 6 via the through hole 11 . The location of the external 
leads 13 may be appropriately provided. 

As a result, the freedomof the artwork of a printed circuit 
board connected to the SID 1 is enhanced thus downsizing the 
SID 1. 

By making face bonding of a semiconductor chip 4 on the 
printed circuit board 7, that is, by connecting a bump 5 on 
the surface of the printed circuit board 7 and a circuit pattern 
3 on the rear surface of the semiconductor chip 4 and 
encapsulating the connection with a translucent resin for 
encapsulation 8, the SID 1 having the structure shown in Fig. 
1 is fabricated. 

According to the first embodiment, it is possible to 
provide electrical connection with the rear surface of the 



semiconductor chip 4 and the circuit pattern 3 on the rear surface 
is face-bonded with the bump 5 to provide electrical connection 
with the printed circuit 6 on the printed circuit board 7 . The 
printed circuit 6 is electrically connected to the external 
leads 13 fixed to the printed circuit 12 on the rear surface 
via the through hole 11. This configuration can downsize the 
SID 1. 

In case a through hole 10 is provided, when the circuit 
pattern 3 is absent on the rear surface, it is necessary to 
turn over a silicon wafer 14 where the optoelectronic converter 
circuit 2 is provided and to provided the circuit pattern 3 
thereon. This causes the optoelectronic converter circuit 2 
to be easily flawed, although this is prevented by providing 
a circuit pattern 3 before providing the optoelectronic 
converter circuit 2 in the first embodiment. 

The line width of the circuit pattern 3 may be much broader 
than that of the optoelectronic converter circuit 2. Thus, 
even in case the silicon wafer 14 is turned over after the circuit 
pattern 3 is provided, the through hole 10 and the circuit pattern 
are not dislocated from each other in practice. 

In the stages after Fig. 2B, the same fabrication process 
and technology as those used to fabricate general semiconductors 
may be employed to provide a semiconductor chip 4, except in 
that time required for etching is longer in making the through 
hole 10. 



As shown in Fig. 2D, in case aluminium evaporation is 
made, the through hole 10 is preferably made larger or tapered 
so that aluminium will be attached better. Even in that case, 
the circuit design may be reduced compared with the wire bonding 
design. 

A thinner silicon wafer facilitates making of the through 
hole 10 and provision of the wiring material 9. 

Fig. 8 shows an SID 21 of the second embodiment of the 
device. In the second embodiment, a color filter 23 is fixed 
to the surface of a semiconductor chip 4' via a translucent 
adhesive 22 . While in a wire bonding structure, a sufficiently 
wide space between the optoelectronic converter circuit 2 and 
a bonding band is required to allow bonding of the color filter 
23, this is not the case with the second embodiment. The 
optoelectronic converter circuit 2 is electrically connected 
with a circuit pattern 3 on the rear surface via a wiring material 
9. The height of the wiring material 9 may be neglected and 
the color filter may be glued to cover the wiring material 9. 
This it is possible to reduce the color filter 23 in height 
(thickness) and in area. 

In this embodiment, the through hole 10' of the 
semiconductor chip 4' is not tapered. 

In this embodiment, external leads 13 are fixed to the 
surface of the main board of a printed circuit board 24. On 
the external leads 13 is provided a bump 5. The bump 5 is then 



connected to the circuit pattern 3 on the rear surface of the 
semiconductor chip 4' via face bonding and a lightproof resin 
25 is used for encapsulation. 

Encapsulation using the lightproof resin 25 is made after 
bonding of the color filter 12 to the semiconductor chip 4' 
with the translucent adhesive 22. 

The through hole 10 may be the tapered through hole 10. 

The second embodiment has the same advantage as the first 
embodiment and simplifies the fabrication of the printed circuit 
board 24 . ■ 

Fig. 9 shows an SID 31 of the third embodiment of the 
device. In the third embodiment, similar to the second 
embodiment, the color filter 23 is fixed to the surface of the 
semiconductor chip 4' via the translucent resin for 
encapsulation 22. 

The SID 31 having the structure shown in Fig. 9 can be 
fabricated by making face (down) boding of the rear surface 
of said semiconductor chip 4' on the lead frame where a bump 
5 is formed, making molding with the lightproof resin for 
encapsulation 25, breaking the external leads 13 of the lead 
frame to provide separate external leads 13, and bending the 
external leads 13. The external leads may be projected 
laterally instead. 

The third embodiment has the same advantage as the first 
embodiment . This embodiment does not require a printed circuit 



board thus reducing the fabrication costs. 

While the input/output terminals have external leads 13 
in the foregoing embodiments, leadless input/output terminals 
may be also used. 

Other package structure may be used and other assembling 
procedures may be used. 

For example, in the first embodiment, the opening of the 
tapered through hole on the rear surf ace may be the larger opening. 
In this case, an opening may be provided in the circuit pattern 
3. 

For example, in the first embodiment, only the through 
hole in the optoelectronic converter circuit 2 may be formed 
and the wafer may be divided on the straight, line connecting 
the center of each through holes 10, without the through hole 
10 completely filled with a wiring material as shown in Fig. 
2D, after the through hole 10 shown in Fig. 2C. This reduces 
the size of the printed circuit board. In this case, the wiring 
material 9 is preferably formed not exceeding the line of 
division. The circuit pattern 3 on the rear surface is also 
preferably formed not exceeding the line of division. This 
is to prevent possible peeling of part of the wiring material 
9 or circuit pattern 3 after the division. 

A gallium arsenide (GaAs) wafer may be used instead of 
a silicon wafer. 

Alens maybe integratedonto the optoelectronic converter 



circuit 2. 

[Advantage of the device] 

As mentioned hereabove, a semiconductor chip equipped 
with an optoelectronic converter circuit on its surface and 
a printed circuit pattern on its rear surface is bonded on a 
printed circuit member such as a printed circuit board equipped 
with a bump on its surface. This makes it possible to provide 
a smaller solid imaging device than one employing the wire 
bonding approach. 
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